INTRODUCTION
Gallbladder cancer is the most frequent malignant neoplasm of the biliary tract. Unfortunately, the prognosis of gallbladder cancer, except for early-stage cancer, is very poor. The depth of tumor invasion and lymph node (LN) metastasis were reported to be the most important prognostic factors for gallbladder cancer [1] . T1 carcinoma confined to the lamina propria (T1a) or muscle layer (T1b) had favorable 5-year survival rates of 72%-100% in earlier studies [2] [3] [4] [5] and simple cholecystectomy is considered to be an adequate surgical approach for T1 gallbladder cancer [6] . Meanwhile, the prognosis of T3 and T4 gallbladder cancer with serosal involvement and invasion into adjacent organs or main vessels is still very dismal with 5-year survival rates of <20% [2, 7] . As compared with T1, T3, and T4 gallbladder cancer, the prognosis of T2 gallbladder cancer is very heterogeneous and is difficult to predict. Moreover, T2 was the most common T stage of gallbladder cancer in several studies [5, 7, 8] . Therefore, further improvements in the overall survival rate of gallbladder cancer could be achieved by improving the survival of patients with T2 gallbladder cancer.
There is a hope for long-term survival only in the case of complete resection and if there are no residual tumor cells. The recently published National Comprehensive Cancer Network guidelines and American Joint Committee on Cancer (AJCC) Cancer Staging Manual (7th edition) recommend extended cholecystectomy including both LN dissection and hepatic resection. However, the extent of extended cholecystectomy has not been defined and the adequate surgical resection approach for T2 gallbladder cancer is still debated.
The aims of this retrospective study were to identify prognostic factors for survival and recurrence, and to determine an adequate surgical strategy for T2 gallbladder cancer, focusing on the role of hepatic resection.
METHODS
This was a retrospective study and approved by the Institutional Review Board of Keimyung University Dongsan Medical Center (approval number: 2016-01-040-001) with agreement exemption for informed consent.
Between December 2000 and August 2012, 165 patients with gallbladder cancer underwent complete resection at a tertiary hospital in Daegu, Korea. Of these, 78 patients (47.2%) had pT2 gallbladder cancer. R1 resection was performed in 4 patients and R0 resection in 74 patients. The following preoperative demographic and clinical characteristics were retrospectively obtained from the patients' medical records: age, sex, types of operative procedure, tumor markers, operation time, need for transfusion, postoperative complications, hospital stay, and mode of recurrence. The location of the tumor was defined based on preoperative radiologic images, mostly CT scan. Hepatic side gallbladder cancer was defined when tumor was located within gallbladder bed attached to the liver. Tumor located only the free serosa side of gallbladder was classified as peritoneal side gallbladder cancer. If extent of tumor included both peritoneal and hepatic side, it was categorized as hepatic side cancer.
To avoid confusion regarding the surgical terms, we used the following definitions. Radical cholecystectomy was defined as all procedures beyond simple cholecystectomy. Extended cholecystectomy was defined as simple cholecystectomy with LN dissection and hepatic resection of S4b and S5 or gallbladder bed resection with a 2-to 3-cm margin. Laparoscopic resection was performed if T1 cancer was suspected based on the patient's preoperative radiological findings. After cholecystectomy, the specimen was sent for frozen sectioning. If the tumor invaded perimuscular connective tissue, the procedure was converted to open surgery for extended resection. If the depth of invasion was uncertain, additional procedures or closure without extended resection were selected on a case-by-case basis. For patients who initially underwent simple cholecystectomy, additional extended resection was performed after confirming the patient's histopathological findings.
We intentionally performed extended cholecystectomy, at least, in patients with T2 gallbladder cancer. However, if the patient refused to undergo additional extended resection by open laparotomy or had severe comorbidities, even if extended resection was necessary on the basis of the pathologic findings after simple cholecystectomy, the patient was very carefully followed up without additional procedures.
Bile duct resection was performed if the tumor was located at the infundibulum or near the cystic duct. Partial hepatic resection (wedge resection or S4b and S5 resection) was done if the tumor was located in the liver bed. Typically, regional LN dissection (Nos. 8, 12, 13) was performed and aortocaval LN dissection was considered for selected patients who had suspicious finding in preoperative radiologic studies.
The following microscopic characteristics were evaluated: differentiation, the presence of lymphovascular and perineural invasion, LN metastasis, and margin status. R0 resection was defined as margin-negative resection in the pathologic report and the absence of grossly residual tumors, LN enlargement, and distant metastasis in the operative and radiologic findings. R1 resection was defined as the presence of residual tumor cells under microscopy. R2 resection was defined as the presence of a macroscopic residual tumor, but there were no R2 cases among the 78 patients with T2 gallbladder cancer. Cancer stage was evaluated according to the AJCC Cancer Staging Manual (7th edition).
The surgical outcomes and prognostic factors were retrospectively evaluated based on these factors. Statistical analysis was performed using IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA). The survival time was calculated from the date of surgery to the date of death or the last follow-up. Disease-free survival was calculated from the date of surgery to the date of recurrence. Survival was analyzed using the KaplanMeier method, and variables were compared using the log-rank test. Multivariable regression analysis was performed using the Cox proportional hazards model to identify independent prognostic factors for survival. P-values of <0.05 were considered statistically significant.
RESULTS

General characteristics of patients
The demographic characteristics and perioperative data, including the types of surgical procedures, are shown in Table  1 . Among 78 patients with T2 stage gallbladder, 32 (28.2%) were men and 46 (71.8%) were women, and the mean age was 68.3 years (range, 44-87 years). Twenty-eight patients (35.9%) underwent simple cholecystectomy and 50 patients (64.1%) underwent extended cholecystectomy. One patient underwent pancreaticoduodenectomy because the tumor cells had spread into the distal bile duct from cystic duct cancer. Twentyfour patients (30.8%) underwent laparoscopic surgery and 54 patients (69.2%) underwent open surgery. Nine surgery-related complications (11.5%) occurred. Bile leakage was found in 3 patients, delayed gastric emptying in 3 patients, and bleeding in 1 patient. There were no intraoperative deaths.
Histopathological results
The clinicopathological outcomes are shown in Table 2 . The mean tumor diameter was 28.4 mm (range, 3-90 mm). The tumor was located on the peritoneal side in 35 patients, on the hepatic side in 5 patients, and involved both sides in 31 patients. The tumor was located in the fundus and/or body of the gallbladder in 58 patients (74.4%), the infundibulum to neck in 12 patients (15.3%), the cystic duct in 3 patients (3.8%), and the entire gallbladder wall in 5 patients (6.4%). The tumor was classified as well differentiated in 14 patients (17.9%), moderately differentiated in 49 patients (62.8%), and poorly differentiated in 8 patients (10.2%). R0 resection was achieved in 74 patients and R1 resection was achieved in 4 patients.
Long-term survival according to pathological factors
During the follow-up period of 45.4 months, 22 patients (28.2%) experienced disease recurrence. The disease-free survival rates among the 78 patients who underwent surgical resection were 64.9% at 3 years and 62.6% at 5 years. The sites of recurrence or distant metastasis were regional LN metastasis in 13 patients, distant LN metastasis in 1 patient, and lung metastases in 2 patients. Hepatic metastases were found in 6 patients (27.2%); liver resection was performed in 3 and not in the other 3. Eighteen patients died because of disease recurrence (Fig. 1) . The overall survival rates of the 78 patients were 70.9% at 3 years and 64.6% at 5 years.
The 5-year disease-free survival rates of patients with and without LN metastasis were 81.8% and 34.7%, respectively (P = 0.020) (Fig. 1A) . Patients who underwent R0 resection (n = 74) showed significant better disease-free survival than patients who underwent R1 resection (n = 4) (P = 0.003) (Fig. 1B) .
The disease-free survival rate was similar in patients who underwent simple cholecystectomy and radical cholecystectomy, with 5-year survival rates of 66.5% and 59.5%, respectively (P = 0.838) (Fig. 2A) . Among 56 patients without LN metastasis (N0 after LN dissection, n = 20) or unknown LN status (Nx due to no LN dissection, n = 36), the 5-year disease-free survival rates were 81.6%, and 69.8% (P = 0.080) in patients who underwent LN dissection or not, respectively (Fig. 2B) . Disease recurrence was found in 2 patients (10.0%) with LN dissection and in 11 patients (30.5%) without LN dissection.
Survival according to tumor location
In a subgroup analysis according to tumor location, patients with tumors located on the hepatic side (n = 36, hepatic side + both hepatic and peritoneal side) had a higherer recurrence rate than patients with tumors located on the peritoneal side only (n = 35) (P = 0.043) (Fig. 3A) . However, in patients with tumors on the hepatic side, liver resection did not affect longterm survival (P = 0.846) (Fig. 3B) .
Disease-free survival was not affected by the tumor location in the gallbladder (i.e., fundus, body, infundibulum, and cystic duct).
Prognostic factors for disease-free survival and overall survival
The results of the univariate analyses of the clinicopathological characteristics of pT2 gallbladder cancer are shown in Table 3 . Univariate analyses showed that R1 resection, absence of LN metastasis (P = 0.020), lymphovascular invasion, and tumor stage were significant prognostic factors for poor diseasefree and overall survival. In addition, the multivariable analyses showed that R1 resection and LN metastasis were significant and independent prognostic factors for poor disease-free and 
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(n = 28) LN dissection Fig. 2. (A) The disease-free survival rate was similar in patients who underwent simple cholecystectomy (simple) and radical cholecystectomy (radical), with 5-year survival rates of 66.5% and 59.5%, respectively (P = 0.838). (B) Between 56 patients without lymph node (LN) metastasis (N0 after lymph node dissection, n = 20) or unknown LN status (NX due to no lymph node dissection, n = 36), the 5-year disease-free survival rates were 81.6%, and 69.8% (P = 0.080) in patients who underwent LN dissection or not, respectively. overall survival (Table 3) .
DISCUSSION
Because of its vague symptoms and aggressive clinical behavior, most gallbladder cancer is at an advanced stage at diagnosis. Therefore, the prognosis of gallbladder cancer is poor, and long-term survival is only realistic if it is detected early and complete surgical resection is performed [9] . The 5-year survival rate of T2 gallbladder cancer varied considerably in earlier studies, ranging from 29.3% to 78.3% [3, 4, 10, 11] . In our study, the 5-year survival rate was 62.6%, consistent with that of earlier reports.
Several clinicopathological factors were reported to affect the prognosis of gallbladder cancer, including LN metastasis, lymphatic invasion, vascular invasion, perineural invasion, differentiation grade, tumor-node-metastasis stage, and residual tumor status [4, 10, 12, 13] . The results of the univariate analyses in our study yielded similar prognostic factors. However, only R0 resection and LN metastasis were significant prognostic factors for overall survival in the multivariable analysis.
Extended cholecystectomy, including LN dissection and hepatic resection, was reported as a significant surgeryrelated prognostic factor. In patients who undergo simple cholecystectomy alone, the postoperative survival is dismal, with 5-year survival rates of 17%-40% reported [5, 14, 15] . Shirai et al. [5] conducted a retrospective analysis of 48 patients and found that radical resection of pT2 gallbladder cancer improved the 5-year survival rate from 40% to 90%. On the basis of these studies, the AJCC Cancer Staging Manual, 7th edition, and the recently published guidelines of the Korean Association of HBP Surgery recommend extended cholecystectomy with regional LN dissection and en bloc hepatic resection in patients with T2 gallbladder cancer. However, extended cholecystectomy was performed in just 13.4%-45.8% of patients with T2 gallbladder cancer in clinical practice [10, 16, 17] . Despite this inconsistency, some studies have reported a favorable survival rate after simple cholecystectomy [3] , and we found a high 5-year overall survival rate of 66.5% in patients who underwent simple cholecystectomy. Although survival was not significantly different (P = 0.080) between N0 and Nx patients (n = 56), patients who underwent LN dissection showed favorable survival relative to patients who did not undergo LN dissection (Fig. 2B) . The rate of LN metastasis in T2 gallbladder cancer was reported to be as high as 63.4% [14, [18] [19] [20] [21] , and considering LN metastasis is an independent significant prognostic factor, LN dissection should be performed to achieve R0 resection if there are no specific contraindications to this procedure. The present study included 28 patients (35.9%) who underwent simple cholecystectomy, and most of them were treated before the policy for routine LN dissection was established. Therefore, our results show that LN dissection is necessary in patients with T2 gallbladder cancer.
Some recent studies have suggested that tumor location on the hepatic side of the gallbladder is a significant prognostic factor for poor survival [22, 23] . Microscopic liver metastasis is frequently detected in patients with T2 gallbladder cancer, and residual cancer cells were more frequently detected in the gallbladder bed adjacent to the liver parenchyma after simple cholecystectomy in patients with tumors on the hepatic side [22, 24] . Similar to our study, Shindoh et al. [22] reported that tumors located on the hepatic were associated with poor prognosis in patients with T2 cancer, but not in patients with T1 or T3 cancer. The need for hepatic resection of T2 gallbladder cancer is still controversial [21] . Hepatic S4b and S5 resection or gallbladder bed resection with a 2-to 3-cm margin have been performed based on the fact that most of the cholecystic vein drains through segments 4 and 5 [25] . However, invasion of gallbladder cancer into the gallbladder vein was reported in just 0%-10% of all cases [26, 27] . Furthermore, the most common event is direct invasion of the tumor into adjacent liver segments 4 and 5, which is classified as pT3. There was no evidence of intrahepatic intravascular invasion in cases of gross liver invasion of gallbladder cancer in an early study of the modes of spread, and vascular invasion is a relatively rare mode of spread of gallbladder cancer [26] . Therefore, tumor location on the hepatic side is clearly associated with poor prognosis. Nevertheless, the benefit of hepatic resection of tumors located on the hepatic side remains unclear. Our study showed that liver resection in patients located on the hepatic side did not affect long-term survival, similar to the study by Shindoh et al. [22] . However, Lee et al. [23] reported that liver resection had a beneficial effect on long-term survival in patients with T2 cancer located on the hepatic side but not in patients with tumors located on the peritoneal side.
In conclusion, R0 resection and LN dissection are an appropriate curative surgical strategy in patients with T2 gallbladder cancer. Although tumors located on the hepatic side show worse prognosis than tumors located on the peritoneal side, the need for hepatic resection should be evaluated in additional studies.
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